Scholars' Mine
Masters Theses

Student Theses and Dissertations

1971

The design of a lightning data interface
Larry Lee Hosto

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses
Part of the Electrical and Computer Engineering Commons

Department:
Recommended Citation
Hosto, Larry Lee, "The design of a lightning data interface" (1971). Masters Theses. 5490.
https://scholarsmine.mst.edu/masters_theses/5490

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.

THE DESIGN OF A LIGHTNING
DATA INTERFACE

By

LARRY LEE HOSTO, 1945-

A THESIS
Presented to the Faculty of the Graduate School of the
UNIVERSITY OF MISSOURI-ROLLA
In Partial Fulfillment of the Requirements for the Degree

MASTER OF SCIENCE IN ELECTRICAL ENGINEERING
Rolla, Missouri
1971

T2600

47 pages
c.l

Approved by

ii

ABSTRACT
A system for the processing of lightning stroke
location data has been designed.

The system will be used

for studying the correlation of lightning and thunderstorm
precipitation.
The lightning stroke location system has been developed
to gain further information about the cause-effect relationship between lightning stroke activity and thunderstorm
precipitation.
The system will consist of an analog computational
network to find the tangent of the azimuth of the lightning
stroke, an analog-to-digital converter, and a computer
program which will process and store data on magnetic tape.
This paper will discuss the design of the analog computational
network and the computer program.
The lightning detectors provide information which will
be used to determine lightning stroke azimuth and range.
The computer, which will be the SCC-650, will compute
lightning stroke azimuth and range from the data received
from the lightning detectors located at Rolla and Vichy,
Missouri.

This azimuth and range will be data for another

computer program, which was previously written, and this
computer program will store the data on magnetic tape for
further examination.
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I.

INTRODUCTION

Postulates concerning the cause-effect relationships
between thunderstorm precipitation and lightning strokes
have been offered for many years(l).

Since the discovery

of the telegraph, there has been interest shown in trying to
detect and forecast accurately the occurrence of thunderstorms.

Even during the late 1800's people noticed that when

a thunderstorm approached, the "static electricity" increased.
In many cases, the studying of thunderstorm activity
has been done by the use of a radar set.

Until recently,

however, the recording of radar precipitation data has
all been done manually.

Recently at the University of

Missouri at Rolla, a system was designed so that the recording of data is computerized.

The data from the radar set

is stored on magnetic tape which can be processed later.
This computerized system was designed to allow a system to
be designed later which could store lightning azimuth and
range data simultaneously with the recording of radar data.
There have been attempts to build a system that would
locate the position of a lightning stroke with the use of
just one lightning detector(?).

The accuracy of these

systems leave much to be desired, hence the reason for this
system using two lightning detectors for the purposes of
determining the range and azimuth of the stroke by
triangulation.
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The system has a pair of lightning detectors located
on the roof of the Electrical Engineering building at Rolla
and another pair of lightning detectors located at the Vichy
Airport at Vichy, Missouri.
The output of a pair of lightning detectors consists
of two voltages which are proportional to the coordinates of
the lightning stroke.

The reason for this is the change in

the current in the lightning stroke induces a voltage in the
lightning detector. The ratio of the two voltages is
computed through the use of an analog computational network.
The ratio of the two voltages is the tangent of the azimuth
of the lightning stroke.

Since the distance between the

two lightning detectors and the azimuth at each lightning
detector is known, the distance between the Vichy lightning
detector and the lightning stroke can be computed.
Once the range and azimuth are known, the data is stored
on magnetic tape with radar data.
This information that is stored on magnetic tape will
be used with the thunderstorm data from the radar to study
the correlation between thunderstorm precipitation rates and
lightning stroke activity.

This correlation study using

the stored information will not be included in this paper.
A study was done to determine the accuracy necessary
for the lightning stroke location system to be compatible
with the radar system.

The findings of this study will be

shown later in this paper.
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II.

REVIEW OF LITERATURE

There has been a considerable amount of study concerning
lightning strokes accomplished in the past.

Many of the

more recent studies have involved the use of magnetic field
detectors for lightning stroke location data acquisition.
Very little work has been done in the area of automatic or
'
computer-c ontrolled
processing of both precipitation and

lightning data.
Most of the previous studies involved manual recording
of lightning data.

The lightning data is usually displayed

on a cathode ray tube.

The first attempt at using magnetic

field detectors and cathode ray tubes was done by WatsonWatt and Herd, 1926(1).

In their studies of locating

thunderstorms, three identical systems were utilized.

The

angle from each system to the location of the lightning
stroke was displayed on the cathode ray tube.

Two of the

angles were telephoned to the third location, all data
would be recorded, and then the location of the lightning
stroke could be found.
Hizer, 1968(2), coupled a thunderstorm sferics sensor
to the plan position indicator scope of a 10 centimeter
wavelength weather radar.

Short vectors protrude from the

center of the PPI scope indicating the direction of Sferics
discharges.

In this study, however, the interest was in the

number of lightning strokes rather than in the location
of the lightning strokes.
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III.

SYSTEM DESCRIPTION

This section presents a general description of the
lightning stroke location system.

See Figure 1 for a

block diagram.
Acquisition of lightning stroke signals is accomplished
by a set of two coils at each location.

These two coils

are perpendicular to each other and vertical to the earth.
When a lightning stroke occurs 1 there is a voltage induced
in each of the coils which is inversely proportional to the
square of the distance from the coil to where the lightning
stroke occurred.

The voltage pulse is very short in duration

because of the short duration of a lightning stroke.

Since

the voltage in the coil is a function of the change in the
current in the lightning stroke 1 the voltage is a varying
voltage.

This is no problem since the maximum amplitude is

all that is needed.

The sign of the voltage pulse in one

of the coils is dependent upon the location of the lightning
stroke and whether the stroke was a ground-to-cloud or a
cloud-to-ground stroke.
The voltage pulses are then transmitted to peak
detectors which only hold the maximum amplitude of the voltage pulse.

These peak detectors change a six microsecond

time-varying signal into a five hundred microsecond pulse
which registers the maximum amplitude of the six microsecond
signal.
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The output of the peak detectors is routed to a
sample-and-hold circuit which holds the voltage amplitude
for about four hundred milliseconds.

The trigger for the

sample-and-hold circuit is a monostable with its input being
that from the lightning detectors.
The output of the sample-and-hold is fed to an analog
divider.

Since all analog dividers have the characteristic

that the larger of the two signals must always be fed to
the same terminal of the divider, there is the need for a
controller which determines which of the two incoming signals
is the largest.

This controller also sends a binary bit to

the status register of the computer.

This binary bit that

is sent to the computer tells the computer which of the
two signals is the largest.
Once the quotient is determined the signal is transmitted to an analog-to-digital converter.

The analog signal

that is located at the input of the analog-to-digital
converter is digitized on command from the SCC-650 computer.
After the analog signal arrives at the input of the
analog-to-digital converter, an interrupt occurs which
causes the ratios from the Rolla site and Vichy site to
be read into the computer.

At the same time, the status

register is read into the computer.

The status register is

used as the basis for determining whether the ratio read

8

into the computer is the tangent or the cotangent.

If the

ratio is the cotangent, then the reciprocal of the ratio
is stored and used as the azimuth.
The computer does mathematical calculations to determine
the range and azimuth from the Vichy site.

The computer

then stores this data in a buffer region so that the radar
program can acquire and store it on magnetic tape.
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IV.
A.

SYSTEM OPERATION

Electromagnetic Lightning Detector
There are four lightning detectors used, two at the

Rolla site and two at the Vichy site.

The lightning

detectors at each site are located perpendicular to each
other.

Hence, when a lightning stroke occurs, one lightning

detector has a voltage induced which is proportional to the
x-coordinate of the lightning stroke while the other
lightning detector has a voltage induced which is proportional
to the y-coordinate of the lightning stroke.
The sign of the voltage on one lightning detector is
dependent upon the location of the lightning stroke and
whether the stroke was a ground-to-cloud stroke or a
cloud-to-ground stroke.

Knowing the voltage on one lightn-

ing detector does not tell us enough to determine the
location of the lightning stroke.

When both voltage levels

and signs are known at one site, however, it can be
determined that the stroke occurred in one of two quadrants.
When the sign and voltage level is known at all four
lightning detectors, it can be determined which quadrant
the lightning stroke occurred.
Now using trigonometry, an equation for the range of
the stroke can be found.
used.

See Figure 3 for notation to be
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If X is the ratio from the Rolla site, then it is known
that
(1)

A

=

BX

Where A is the north-south coordinate at the Rolla site and
B is the east-west coordinate at the Rolla site.
If Y is the ratio from the Vichy site, then it is known
that
(2)

C

=

DY

where C is the north-south coordinate at the Vichy site and
D is the east-west coordinate at the Vichy site.
Since Vichy is north of Rolla, then the east-west
coordinates are equal.
(3)

B

=

Mathematically stated

D

Since Vichy is thirteen miles north of Rolla, the
difference between the north and south coordinates must
be equal to thirteen miles.
(4)

A - C

=

Mathematically stated

13 miles

Now simultaneously solving these equations for C and
D, we find
(5)

c =

( 6)

D

=

l3Y
X

-

y

13
X

-

y
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Since
( 7)

where R is the range from the Vichy site.

( 8)

B.

R

= [(

13

X - y

Then

)2

Peak Detector
The peak detector that is being used is an operational

amplifier with unity gain and a capacitor connected to the
output (see Figure 4).

A diode is used to hold the maximum

value of the input voltage.

The diode is placed in the

feedback loop so that the voltage drop across the diode
does not appear at the output.
Each peak detector consists of two operational
amplifiers.

One is used for positive voltages and the other

is used for negative voltages.

The Westinghouse 1709

operational amplifiers being used has a limiting factor of
a slow slew rate.

The slow slew rate is due to the

capacitor at the output of the operational amplifier.

The

slew rate will only allow the output to rise to five
hundred millivolts in six microseconds.

This problem was

solved by allowing the input signal to vary from fifty
millivolts to five hundred millivolt.

The output of the

peak detector is then fed through a gain-of-twenty operational amplifier which gives the dynamic range of one volt
to ten volts.
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The output of the gain-of-twenty operational amplifier
will always be positive because of the configuration of
the peak detector.

If the voltage pulse from the lightning

detector is positive, then after the input signal has
terminated the output of operational amplifier A1 and A3
will be zero.

The output of operational amplifier A2 will

be negative, hence the output of A 4 will be positive.
If the voltage pulse from the lightning detector is negative,
then the output of A2 will be zero.

The output of opera-

tional amplifier A1 will be positive, hence the output of
operational amplifier A3 will be negative.
of A4 will be positive.

Thus the output

Since the output of the gain-of-

twenty operational amplifier is always positive and the
monostables are used in the determining of the sign of the
ratio of the two input voltages, then the output of the
gain-of-twenty operational amplifier can not be used to
trigger the monostables.

To solve this problem, the input

to the peak detectors is also fed into the non-inverting
input of a gain-of-twenty operational amplifier.

The output

is used to trigger the proper monostable.

c.

Sample-and-Hold
There are two sample-and-hold circuits at each location.

One sample-and-hold is used to store the voltage amplitude
of one of the lightning detectors.

The other sample-and-

hold is used to store the voltage amplitude of the other
lightning detector.
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The sample-and-hold circuit that was used is the
Burr-Brown 4034/25 (see Figure 5).

The input to the sample-

and-hold was the output of operational amplifier A4 of the
peak detector circuitry.

Because of the way that the signals

are fed through the operational amplifier, the input signal
will always be positive.

The positive signal is fed through

two operational amplifiers while the negative signal is
fed through only one operational amplifier.
The triggering network for the sample-and-hold consist
of a one stage level converter with a potentiometer
connecting the base of the transistor to the negative ten
volt supply (see Figure 6).

This potentiometer gives the

system some adjustment in timing during which the sampleand-hold

should switch from track mode to the hold mode.

The sample-and-hold is in the track mode when the trigger
voltage is above two volts and in the hold mode when the
trigger voltage is below two volts.
The input to the level converter is an output of an
operational amplifier.

One input to this operational

amplifier is the output of the PNP monostable fed through
a resistor-capacitor delaying circuit.

The other input

to this operational amplifier is the output of the NPN
monostable fed through a resistor-capacitor delaying circuit
which is fed through an operational amplifier.

This

circuitry enables the input to the level converter to
always be positive no matter whether the input signal is
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positive or negative.
purposes.

The delaying circuitry has two

First, the delaying circuitry was necessary

because the monostable which would trigger the sample-andhold switches before the input to the sample-and-hold is
at the appropriate value.

Secondly, the output of a mono-

stable has very short rise time.

With the delaying circuit,

the rise time is the product of the ten thousand ohm resistor
and the one microfarad capacitor.

This makes triggering

of the circuit much easier to adjust.
D.

Sign Detector
The sign detection circuit was necessary because it

was not sufficient to just examine the output of each
peak detector.

The reason for this is the fact that if the

signal "rings" both peak detectors will have voltage levels
at their output and then it would be impossible to tell
what the sign of the input signal is.

Hence, there is the

need to devise a circuit that could distinguish between a
positive input signal and a negative input signal even if
the input signal has a tendency to "ring" which is very
likely.

The circuit that was decided upon was a gated

monostable.

With this type of circuitry, only one mono-

stable will be triggered at a given instant.

The output

of each monostable is the input to the gate of the other
monostable.
input signal.

This will eliminate the problem of a "ringing"
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Next was the problem of deciding whether the output
should be positive or negative.

If a truth table is drawn

of this function 1 it should be observed that the function
is an EXCLUSIVE-OR.

If both signals have the same sign 1

whether positive or negative, then the output should be
positive.

If the signals have different sign, then the

output should be negative.
The output of monostables M1 and M2 are fed through
level converters so that if the monostables are triggered,
the output of the level converters will be zero volts.

If

the monostables are not triggered, the output of the level
converters will be five volts (see Figure 7).

Now if both

monostables are triggered, or if neither one is triggered,
then the output of the EXCLUSIVE-OR will be zero volts.
If only one of the monostables is triggered, the output
of the EXCLUSIVE-OR will be five volts.
The output of the analog divider will always be
negative.

If the output of the analog divider is fed

through operational amplifier A1 , then access has been
obtained to both the positive and negative value of the
ratio of the two input signals.

If the positive ratio is

fed to the collector of transistor 0 3 and the emitter
is connected to an input of operational amplifier A2 , i t
is possible for the positive ratio to be at the output of
operational amplifier A2 if the base is at positive ten

20
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volts.

If the negative ratio is fed to the collector of

transistor

o4

and the emitter is connected to another

input of operational amplifier A2 , then it is possible for
the negative ratio to be at a negative ten volts.
Two level converters were built so that when the
output of the EXCLUSIVE-OR is at ground, the base of
transistor Q3 is at positive ten volts.

When the output

of the EXCLUSIVE-OR is at positive five volts, the base
of transistor

o4

is at negative ten volts.

The output

of each level converter is fed through an emitter follower
because the gate circuitry which feeds the operational
amplifier loads the output of the level converters.

The

voltage at the base of the gate has to be at least a volt
higher than the collector for the correct value to appear
at the output of the operational amplifier.
E.

The Analog Divider
The analog divider that is being used in this circuit

is the Zeltex model 605.

This divider is a variable

conductance with one per cent accuracy.
One characteristic of all analog dividers is that
one input must always be larger than the other input and
hence the output must always be equal or less than one.
The above reason was the determin.ing factor for the absolute

22

value circuit.

The absolute value circuit is the peak

detector circuit which always guarantees that the output
of the sample-and-hold is always positive.

It was much

easier to design a logic circuit that would guarantee that
the larger of the two inputs was always at the proper
input of the analog divider.

This is simply done by finding

the difference in voltage between the two outputs of the
sample-and-hold circuitry which appears at the output of
operational amplifier A2 in Figure 8.

This voltage is then

fed to a level converter which consist of transistors Q1 ,
Q2 ,Q 3 ,

and Q4 .

If the output of operational amplifier A2

is positive, then transistor 0 1 is turned off and transistor
0 3 is saturated.

Hence ten volts appears at the base of

transistor Q5 and transistor Q8 •

This causes the output

of operational amplifier A3 to have the output of sampleand-hold A which is the larger of the two outputs of the
sample-and-holds.

Also the output of operational amplifier

A4 will have the output of sample-and-hold B which is the
smaller of the two outputs of the sample-and-holds.

If

the output of operational amplifier A2 is negative then
transistor Q1 is saturated and transistor Q 3 is turned off.
Hence ten volts appears at the base of transistor Q6 and
transistor Q7 .

This causes operational amplifier A 3 to

have the output of sample-and-hold B and operational
amplifier A4 to have the output of sample-and-hold A.
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Transistor 0 2 and transistor

o4

are emitter followers and

are used to insure that the base of the gates are at least
a volt higher than the collector of the gates.
Another problem encountered in the use of the analog
divider was the fact that when there is not a lightning
stroke being processed the inputs to the analog divider
are zero.

When this occurs, the operational amplifier

takes quite a long period of time to reach the unsaturated
state once it has been saturated.
The operational amplifier, which is used in the feedback
loop of the analog divider, has its output connected to
the input during the period when there is no data being
processed.

This is accomplished by the use of a level

converter and a gate.

Because this is just a typical

level converter, it is not shown but is shown in CRL Technical Report Number 71.7.

Once the larger of the two

inputs of the analog divider is greater than five hundred
millivolts, the output of the operational amplifier is
disconnected from the input of the operational amplifier.
The gate has certain restrictions which must be
adhered to for the gate to work properly.
be a PNP type transistor.

The gate must

If an NPN type transistor is

used, the output of the operational amplifier will not go
above the voltage that is at the base of the gate.

If a

PNP type transistor is used, the base-to-collector junction
will not breakdown.
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F.

The Interrupt System
The interrupt system is used to notify the computer

when there is data to be read into the computer.
The network shown is necessary so that the computer
provides service once and only once for each interrupt
indication from this particular device (see Figure 9) .
To solve this problem a computer control flip-flop,
flip-flop "0", was used.

When the computer is ready to

accept data, flip-flop "0" is set.

The output of this

flip-flop is called "computer ready" signal.
ready" signal is used to set flip-flop "C".
is set when all monostables are off.

The "computer
Flip-flop "C"

The set terminal of

flip-flop "C", "data ready" signal, will be at ground when
no lightning data is being processed.

The true terminal

of flip-flop "C" is in the "process complete" signal.

When

the computer and the analog interface are both waiting for
a lightning stroke, the "process complete" signal will be
at negative six volts.

When a lightning stroke is received,

the "data ready" signal will change from zero volts to
negative six volts.

This will cause "interrupt ready"

signal to change from negative six volts to zero volts
which will cause the false terminal of flip-flop "D" to
change from negative six volts to zero volts which will cause
an interrupt in the computer.

The computer then turns off

flip-flop "0" which will cause flip-flop "C" and flip-flop
"D" to be turned off which guarantees no more interrupts
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will be received.

When the computer has completed

processing, flip-flop "0" will be set.

At this time the

"data ready" signal will be at negative six volts.

The

reason for this is the fact that the computer takes less
than a millisecond to complete processing but the "data
ready" signal stays at negative six volts for approximately
four hundred millisecond to insure that the data at the
analog-to-digital converter is not lost.

When the "data

ready" signal does return to zero volts, flip-flop "C" will
be set and the interrupt system will be waiting for another
lightning stroke.
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V.
A.

SYSTEM SENSITIVITY

Range Equation Sensitivity
In designing the analog computational network, a sen-

sitivity study was undertaken to determine how sensitive
the range equation was to a change in the azimuth of the
Rolla site.

There is an accuracy of one mile in the radar

data and this accuracy would be a constraint in the lightning
data.
The accuracy was determined by plotting a set of
points which were generated by finding range R1 and R2 •
Where

R2

2

2

~

=

(((13)/(x-y))

=

2
2 ~
(((13)/(x + 6x- y)) +((13y)/(x + 6x- y)) )2

+ ((13y)/(x-y))

R1 is the range for a certain x and y.
x + 6x and Y.

)2

R2 is the range for

(see equation 8 on page 12 ).

If the

difference between R1 and R2 is less than one mile when
6x is set to one per cent of x, then y was increased until
the difference between R1 and R2 is one mile (see Figure 3).
The point that is plotted is x and R1 .

Figure 10 was

generated by varying x by one per cent and plotting the
points when the difference between R1 and R2 is less than
one mile, two miles, and three miles.

Figure 11 was

generated by varying x by ten per cent and plotting the
points when the difference between R1 and R2 is less than
five miles, ten miles, fifteen miles, and twenty miles.
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From these two contour graphs, the resolution can be
determined for any data point taken.

Since no lightning

stroke data is stored on magnetic tape unless both voltages
from a lightning detector are above one volt, there is a
region where no lightning data will be stored.

The region

which has a resolution of one mile in both the lightning
data and radar data and which will be stored on magnetic
tape is shown in the hatched area.
B.

Analog Interface Sensitivity
The analog system accuracy was determined by generating

a plot of input versus output (see Figure 12).

Data was

taken when the ratio of the two inputs were four-to-one,
two-to-one, and four-to-three.

The output data points were

an average value of what the analog-to-digital converter was
reading.
The system seems to work properly except that the
noisy analog signal caused the input to the analog-to-digital
converter not to be constant.

The reason for the noisy

analog signal is the fact that the input voltage level is
relatively small when compared to the noise level.

When

both signals are fed into a gain-of-twenty operational
amplifier, the noise level has been multiplied by twenty.
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VI.

SUMMARY

A system was attempted that would find the ratio of
two analog signals and then do some mathematical calculations
with this ratio.
The system consisted of lightning detectors, peak
detectors, sample-and-hold, analog divider, analog-todigital converter, and a computer program.

The analog

divider would find the ratio of the voltages on the lightning detectors.

The computer program would calculate the

distance the lightning stroke occurred from the Vichy
lightning detector.
The computer program would use the ratio from two
different locations and the distance between these two
locations to determine the range of the lightning stroke.
The range of the lightning stroke and the direction
the lightning stroke occurred from Vichy, Missouri, are
stored on a magnetic tape to be studied at a later time.
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APPENDIX A

DETAILED DESCRIPTION OF THE
COMPUTER PROGRAM
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The computer program causes data to be read, does
mathematical calculations on the data, and stores the result
in a buffer area where the radar program retrieves this
data and stores the data on tape.
When the system is first turned on, the program
stores zeros in the buffer area, which will be used to
store the calculated range and azimuth.

This area must be

initialized because the radar program examines the buffer
and if the first location of the buffer area is a zero
then the radar program assumes no lightning data is available.
Next the computer enables the interrupt system and
also sets the interrupt flip-flop which allows the analog
network to cause an interrupt when a lightning stroke
occurs.

In the discussion of the interrupt system, this

flip-flop was called flip-flop "0".

Next the computer waits

for an interrupt to occur.
When an interrupt occurs, the computer jumps to the
interrupt service routine which determines whether the
radar or lightning detector caused the interrupt.

If the

interrupt was caused by the lightning detector, the program
enters the data which is located on the output of the
analog-to-digital converter, stores the contents of the
status register and turns off the interrupt flip-flop so
that no more interrupts will be received from the analog
interface.
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When all pertinent data has been read into the compute+,
the computer program normalizes the ratio of voltages from
the Rolla and Vichy lightning detectors.

Then the program

shifts the ratio of the voltages at the Vichy site, which
is not normalized, to the right two places.

Next the

computer determines whether the sign of the azimuth is
positive or negative and in which quadrant the lightning
stroke occurred.
Next the azimuth word is formed (see Figure 14) .
The azimuth is constructed from the ratio of voltages
at the Vichy site.

Bit 3 through bit 11 contains the nine

most significant bits of the ratio in one's complement form
(see Figure 13) .

Bit 0 is a zero if the ratio was positive

and a one if the ratio is negative.

Bit 1 is a zero if

the angle which the ratio represents is less than firty-five
degress and a one if the angle is greater than forty-five
degrees.

Bit 2 will be a zero if the lightning stroke

occurred south of Vichy and a one if the stroke occurred
north of Vichy.
Next the computer determines whether the ratio at
each site is the tangent or the cotangent.

If the ratio

is the cotangent, the reciprocal of the ratio is used for
all further calculations.
The range is calculated by using the triangulation
method.

Since the lightning detector sites are located

thirteen miles apart and for each lightning stroke the
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azimuth from each detector is known, the range from the
Vichy site would be equal to
Range= ((13Y/(X-Y)) 2 + (13/(X-Y)) 2 )}
The ratio at the Rolla site and the ratio at the Vichy
site that are used to calculate the range is in the form
of normalized data.

Data that enters the computer

from the analog-to-digital converter is a twelve bit one's
complement word where bit 0 is the sign of the data and
bit 1 through bit 11 is the actual data.

When data is in

the normalized form the data is a twenty-four bit word
(see Figure 13).

With the twenty-four bit word, bit 0 is

the sign of the data and bit 1 through bit 11 is the data
which is left-justified.

Bit 12 is the sign of the exponent

and bit 13 through bit 23 is the exponent of the data.
Because of the radar program, the twenty-four bit
normalized range word is changed so that the range can
be stored on tape as a twelve bit word.

This saves the

time of storing only two twelve bit words on tape each time
a lightning stroke occurs instead of three twelve bit words.
The twenty-four bit word is changed to a twelve bit word
by shifting right bit 1 through bit 11 enough times so that
the exponent is zero.

It should be observed that if the

exponent is greater than decimal ten the mantissa would be
lost.

If this occurs the range would be so large that the

lightning stroke would not be useful data.

The reason
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that the data would not be useful is that the range of the
radar is fifty miles.
0 would be a one.
would be a zero.

If the exponent is negative, then bit

If the exponent is positive, the bit 0
This is used to determine whether the

range is greater than one mile or less than one mile.
Next the program stores the azimuth and range words
in the buffer.

But before doing this the computer checks to

see if the radar program has retrieved any lightning data.
If the radar program has retrieved data, then all data is
moved up two locations in the buffer region and the new
data is stored.
The computer program has completed processing so
flip-flop ••o" or the interrupt flip-flop is turned back
on which will allow the analog interface to cause an
interrupt when a lightning stroke occurs.

Then the computer

waits for the next interrupt.
Refer to CRL Technical Report Number 71.7 for the
computer program.
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